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摘  要 
代谢组学是 20 世纪 90 年代末期发展起来的一门新兴学科，它借助高通量、
高灵敏度的现代分析技术，分析生物体中内源性代谢物的整体组成，并通过跟踪
代谢物复杂、动态的变化，辨识和解析被研究对象的生理病理状态。 
妊娠期糖尿病(gestational diabetes mellitus, GDM)是糖尿病的一种独立类型，
是在妊娠期特发的代谢性疾病。本文将基于核磁共振(NMR)的代谢组学方法应用
于 GDM 的研究中，分析 GDM 志愿者和健康孕妇志愿者的血清和尿液中小分子
代谢物的差异，探索 GDM 的生物标记物和受损代谢通路，为 GDM 的病理机制
研究提供新的科学依据。本文的主要内容归纳如下： 
首先，详细综述了代谢组学方法在 GDM 研究中的应用，总结并列举了代谢
组学在 GDM 研究中的优势。 

















































Metabonomics is termed as the qualitative and quantiantive measurement of the 
dynamic multi-parametric metabolic response of a living system to 
pathophysiological stimuli or genetic modification. Gestational diabetes mellitus 
(GDM) is a separate type of metabolic disease, only during pregnancy. The traditional 
diagnostic methods of GDM exist misdiagnosis and other shortcomings. In this paper, 
The NMR-based metabonomics is applied to GDM studies. By systematically 
analyzing the difference of the small molecular metabolites in serum and urine, 
induced by GDM, the related biomarkers and metabolic pathways could be derived, 
and our result could provide a scientific basis for the early diagnosis and treatment of 
GDM. The main contents of this study are as follows: 
Firstly, the application of metabonomics in GDM was summarized in detail, and 
the advantages of metabonomics in GDM study were listed.  
Further, high resolution 
1
H NMR spectroscopy in combination with multivariate 
statistical analysis, was applied to investigate metabolic profilings of serum and urine 
from GDM patients. Results showed that the serum from GDM patients were 
highlighted by the increased level of glucose, TMAO, succinate and glycine, while 
elevated glycine, dimethylglycine, homogentisate, N-methylnicotinamide (NMND) 
and declined malonate, ethanolamine, phenylacetylglutamine(PAG) and hippurate 
were identified in urine. These metabolites were analyzed detailedly based on 
metabolite pathway database. Studies showed that carbohydrates, lipids and amino 
acid metabolism are disturbed by GDM, and the enterohepatic circulation system and 
other metabolic disorders are also affected. Particularly in the later period of GDM, 
with the enhancement effect of insulin resistance and the increasing physiological 
needs of mother and fetus, energy metabolism is enhanced quickly in pregnant 
women, and the body's metabolic balance was disturbed. In addition, as liver and 
kidney are important material transformation and excretion organs, the rapid 
metabolite changes of pregnant women may exacerbate the burden of liver and kidney, 
















Results have shown that the NMR-based metabonomics approach provides a 
robust technical platform to study the pathomechanism on GDM, and will have 
broad application prospects in early diagnosis and individual therapy of GDM in the 
future. 
 






























代谢组学的历史最早可以追溯到 20 世纪 70~80 年代，主要来源于 Devaux
等人提出的代谢轮廓(metabolic profiling)分析[3]。1985 年，英国帝国理工学院的
Nicholson 研究小组利用核磁共振技术对大鼠尿液进行分析，发现了尿液代谢物
的变化与病理的关系[4]。1986 年，Journal of Chromatography A 出版了一期关于
代谢轮廓的专辑。1999 年，Nicholson 等人正式提出了 metabonomics(代谢组学)
的概念，此后该小组在动物体生理、药物毒理、分子表型学、疾病诊断等方面做






在 CNKI 期刊网数据库上检索发现：从 2002 年仅有少数几篇代谢组学的综述文
章开始，研究论文数量逐年呈指数增加，至 2014 年已达到 1300 篇之多。此外，
以"metabo?omic*"为关键词在 Web of Science 数据库中进行检索，发现论文数量





























与其它分析技术相比，NMR 具有如下特点[22,23]：1. 样品的预处理简单；2. 
NMR 具有无损伤性，不破坏样品的结构和性质；3. 可在一定的温度和缓冲液范
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